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T E C H N I C A L  MEMORANDUM 

I .  I N T R O D U C T I O N  

A .  M o t i v a t i o n  

A s  soon as Lunar O r b i t e r  I began r e t u r n i n g  p i c t u r e  data  
t o  e a r t h ,  i t  became a p p a r e n t  t h a t  t h e  modera te  r e s o l u t i o n  
p i c t u r e s  were c o n s i d e r a b l y  ove rexposed ,  and t h a t  t h e  exposure  
d i f f e r e n c e  between t h e  h igh  and low r e s o l u t i o n  p i c t u r e s  was 
q u i t e  l a r g e .  I n  t h e  f a c e  o f  t hese  d i s c r e p a n c i e s  t h e  e x p o s u r e s  
f o r  O r b i t e r  I1 c o u l d  n o t  s e n s i b l y  be chosen  w i t h o u t  a good 
knowledge of  t h e  r e s u l t s  from O r b i t e r  I ,  and t h e r e f o r e  a 
s y s t e m a t i c  s t u d y  was made o f  t h e  exposures  o b t a i n e d  on t h e  
f i r s t  m i s s i o n .  T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h a t  s t u d y .  

B. U s e f u l n e s s  

These r e s u l t s  were t r a n s m i t t e d  i n f o r m a l l y  t o  I .  Taback,  
Lunar  O r b i t e r  S p a c e c r a f t  Manager a t  N A S A  Langley Resea rch  C e n t e r ,  
for u s e  d u r i n g  O r b i t e r  I1 m i s s i o n  o p e r a t i o n s ,  and l e d  t o  t h e  
i n c l u s i o n  of a n e u t r a l  d e n s i t y  f i l t e r  t o  p a r t i a l l y  c o r r e c t  t h e  
o v e r e x p o s u r e  on O r b i t e r  111; a l s o ,  t h e  t e c h n i q u e  d e s c r i b e d  
here  w i l l  be  u sed  f o r  r e a l - t i m e  a n a l y s i s  o f  O r b i t e r  I11 p r i o r i t y  
r e a d o u t s  a t  t h e  SFOF. A f u r t h e r  u s e  of  t h e  da ta  may be as a 
b e g i n n i n g  on t h e  problem o f  r e f i n i n g  o u r  knowledge of  t h e  l u n a r  
a l b e d o  and p h o t o m e t r i c  f u n c t i o n .  

11. GENERAL APPROACH 

A .  Use of  Video Rather Than Photo 

The l o g i c a l  s t a r t i n g  p o i n t  was t o  measure t h e  a v e r a g e  
d e n s i t y  of  t h e  r e c o n s t r u c t e d  p h o t o g r a p h s ,  compare t h e i r  ave rage  
d e n s i t y  w i t h  t h e  e d g e - p r i n t e d  g r a y  s c a l e  (see S e c t i o n  B ) ,  
and  t h u s  a r r i v e  a t  ave rage  e x p o s u r e  v a l u e s .  Two d i f f i c u l t i e s  
a r o s e ,  however.  F i r s t ,  and most i m p o r t a n t ,  f l a r e  i n  t h e  Ground 
R e c o n s t r u c t i o n  Equipment ( G R E )  caused  a d e n s i t y  compression i n  
t h e  h i g h  c o n t r a s t  g r a y  s c a l e  b u t  n o t  i n  t h e  low c o n t r a s t  p o r t i o n s  
o f  t h e  p i c t u r e  d a t a ,  t h u s  i m p a i r i n g  t h e  co r re spondence  between 
t h e  two. Second,  o b t a i n i n g  t h e  a v e r a g e  d e n s i t y  of  a number of  
frames i s  a f a i r l y  t e d i o u s  sampl ing  p r o c e s s .  
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A more p r o d u c t i v e  approach  was to make t h e  measurements  
e a r l i e r  i n  t h e  p r o c e s s i n g  c h a i n ,  as c l o s e  as p o s s i b l e  to t h e  
s p a c e c r a f t  f i l m  -- d i r e c t l y  from t h e  t a p e - r e c o r d e d  v i d e o  s i g n a l s .  

B.  Source  o f  Exposure Data ---- 
The edge o f  a l l  Lunar O r b i t e r  f i l m  has been p r i n t e d  

w i t h  c a l i b r a t i o n  and d i a g n o s t i c  data  p r i o r  to l a u n c h ,  i n c l u d i n g  
r e s o l u t i o n  c h a r t s ,  r e g i s t r a t i o n  b a r s  f o r  t h e  r eas sembly  p r i n t e r ,  
gray s c a l e s ,  e t c .  A pho tograph  o f  two b l o c k s  of  edge data i s  
shown i n  F i g u r e  (l), e n l a r g e d  f r o m  a s t r i p  o f  35 mm GRE f i l m .  

The g r a y  s c a l e s  i n  t h e  edge p r i n t  a re  o f  p a r t i c u l a r  
impor t ance  to us  because  t h e y  p r o v i d e  t h e  on ly  exposure  c a l i b r a t i o n  
which i s  independen t  o f  s p a c e c r a f t  v i d e o  a m p l i f i e r  g a i n  changes ,  
f i l m  p r o c e s s i n g  v a r i a t i o n s ,  e t c .  

C .  

I t  was d e s i r e d  to measure t h e  a c t u a l  r e c e i v e d  v i d e o  

Method o f  O b t a i n i n g  Gray S c a l e s  

v o l t a g e s  c o r r e s p o n d i n g  to t h e  edge p r i n t  g r a y  s c a l e  s t e p s .  I n  
o r d e r  to do t h i s  a c i r c u i t  was des igned  (see S e c t i o n  I I I B )  which 
s e l e c t s  and p r e s e n t s  on t h e  o s c i l l o s c o p e  a s i n g l e  v i d e o  s c a n  
t h r o u g h  t h e  g r a y  s c a l e .  
be s e l e c t e d  n e a r l y  anywhere i n  any f ramele t .  

I n  a similar manner a s i n g l e  s c a n  may 

D. Method o f  Ob ta in ing  Average V o l t a g e s  

The v i d e o  from t h e  d e t e c t o r  was connec ted  d i r e c t l y  to an 
R-C i n t e g r a t o r  ( low-pass  f i l t e r )  and hence  t o  a c h a r t  r e c o r d e r ,  
making i t  p o s s i b l e  to m o n i t o r  a n  e n t i r e  frame. 
v o l t a g e  was t h e n  o b t a i n e d  by drawing uppe r  and lower  bounds on 
t h e  v o l t a g e  f l u c t u a t i o n s  and a v e r a g i n g  t h e s e .  

The a v e r a g e  

111. RECEIVED VOLTAGE VS LOG EXPOSURE C A L I B R A T I O N  
~ 

A .  Edge P r i n t  Data 

The edge p r i n t  i s  a p p l i e d  to t h e  f i l m  a l o n g  i t s  f u l l  
l e n g t h  by r e p e a t e d l y  f l a s h i n g  e lamp t h r o u g h  a small r e t i c l e ,  
w i t h  a r e p e t i t i o n  p e r i o d  s l i g h t l y  smaller t h a n  t h e  w i d t h  o f  a 
f ramele t .  T h i s  e n s u r e s  t h a t  e a c h  f r a m e l e t  has a comple te  da ta  
b l o c k .  

An en la rgemen t  of  two a d j a c e n t  da ta  b l o c k s  a p p e a r s  
i n  F i g u r e  (1); t h e s e  a re  a d j a c e n t  because  t h e  s p a c e c r a f t  s c a n n e r  
r e v e r s e s  d i r e c t i o n  when i t  comes t o  t h e  f i l m  edge. 

r 
* "" The " e f f e c t i v e "  i n c r e m e n t a l  exposures  g i v e n  to t h e  g r a y  
.,e ,~ s c a l e  s t e p s  are l i s t e d  i n  t h e  c a l i b r a t i o n  package f o r  O r b i t e r  I ,  
I 
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and a re  r ep roduced  i n  T a b l e  (1). Two p o i n t s  s h o u l d  b e  n o t e d  * 
here : 

1) The c a l c u l a t e d  e x p o s u r e s  g i v e n  t o  t h e  edge  g r a y  
s c a l e  a r e  somewhat d i f f e r e n t  from t h e  " e f f e c t i v e "  
o n e s ,  because  of f l a r e  i n  t h e  edge p r i n t e r .  

2 )  The e f f e c t i v e  log  exposure  (me te r - cand le - seconds )  
g i v e n  to g r a y  s c a l e  s t e p  # 2  ( n e x t  t o  t h e  l e a s t  
e x p o s u r e )  i s  2 . 7 5  ( somet imes  w r i t t e n  as 8 .75 -10) .  

T h i s  has been i n c o r p o r a t e d  i n t o  Tab le  (1). 

Other  p a r t s  of t h e  edge p r i n t  a re  a l s o  u s e f u l  t o  u s .  
A l a r g e  area n e a r  t h e  f i l m  edge s i d e  of t h e  edge p r i n t  i s  exposed 
un i fo rmly  t o  a low "background d e n s i t y " ,  e q u a l  t o  t h e  d e n s i t y  o f  
s t e p  2 ,  and t h i s  a r e a  (sometimes c a l l e d  t h e  " focus  l i n e  area")  
i s  used  i n  s e t t i n g  t h e  s p a c e c r a f t  v i d e o  g a i n .  A t  . t h e  s t a r t  o f  
a r e a d o u t ,  t h e  s p a c e c r a f t ' s  mechan ica l  s c a n n e r  i s  s t o p p e d  i n  t h i s  
area,  and t h e  g a i n  i s  a d j u s t e d  u n t i l  t h e  r e c e i v e d  v o l t a g e  e q u a l s  
an a v e r a g e  o f  5 v o l t s .  Th i s  v o l t a g e  v a r i e s  somewhat i n  t h e  
e l e c t r i c a l  s c a n  d i r e c t i o n  because  t h e  e l e c t r o s t a t i c  f o c u s  
o f  t h e  s p a c e c r a f t  l i n e  s c a n  t u b e  i s  c o r r e c t  on ly  a t  two p o i n t s  
a l o n g  t h e  s c a n ,  r e s u l t i n g  i n  a b r i g h t n e s s  v a r i a t i o n  a l o n g  t h e  
l i n e .  The shape  o f  t h i s  v a r i a t i o n  i s  termed t h e  pho to  system **  
" s i g n a t u r e "  , and i s  a d j u s t a b l e  by s p a c e c r a f t  f o c u s  commands. 
The PS s i g n a t u r e  i s  c o n s i d e r e d  here  because  i t  modula tes  t h e  
g r a y  s c a l e .  

**  
" s i g n a t u r e "  , and i s  a d j u s t a b l e  by s p a c e c r a f t  f o c u s  commands. 
The PS s i g n a t u r e  i s  c o n s i d e r e d  here  because  i t  modula tes  t h e  
g r a y  s c a l e .  

The edge p r i n t  a l s o  c o n t a i n s  a row o f  bars ( b l a c k  on t h e  
S / C  f i l m )  abou t  3 t i m e s  a s  long  as t h e  s p a c e s  between them, 
which e x t e n d s  t h e  f u l l  w i d t h  of t h e  da ta  b l o c k .  These a re  used  
f o r  r e g i s t r a t i o n  o f  t h e  f r a m e l e t s  i n  t h e  r eas sembly  p r i n t e r ,  
b u t  s e r v e  two a n c i l l a r y  pu rposes  here ;  as a un ique  p a t t e r n  t o  
s y n c h r o n i z e  t h e  " scan  l o c a t o r "  c i r c u i t  ( s ee  S e c t i o n  B ) ,  and as 
a f a i r l y  w e l l - c o n t r o l l e d  h i g h  d e n s i t y  region s e p a r a t e  f ron  
t h e  g r a y  s c a l e .  

* 
George Keene, Eastman Kodak Co. ,  p r i v a t e  communication 

** 
A p r e c i s e  e v a l u a t i o n  of s p a c e c r a f t  s i g n a l s  s h o u l d  t a k e  i n t o  

a c c o u n t  t h e  v a r i a t i o n s  due t o  t h e  PS s i g n a t u r e ,  s i n c e  t h e  peak- 
to -peak  v a r i a t i o n  i s  about  1 2 %  of t h e  f u l l - s c a l e  ( 5  v o l t )  s i g n a l .  
The e f f e c t  s h o u l d  be a s lowly  v a r y i n g  one f o r  r e l a t i v e  photometry  
i n  O r b i t e r s  I and 11, s i n c e  t h e  v a r i a t i o n  i s  n e a r l y  o r t h o g o n a l  
t o  t h e  p h a s e  p l a n e  f o r  l o w - i n c l i n a t i o n  o r b i t s ;  b u t  f o r  h i g h - i n c l i n a -  
t i o n  o r b i t s  i t  w i l l  i n t r o d u c e  a h i g h  f r e q u e n c y  p e r i o d i c  v a r i a t i o n  
( w i t h  a p e r i o d  of abou t  200  m) i n t o  t h e  s l o p e  d e t e r m i n a t i o n  on a 
h i g h  r e s o l u t i o n  p h o t o .  
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Before  O r b i t e r  I was l aunched ,  a p i e c e  o f  t h e  s p a c e c r a f t  
l e a d e r  was removed ( a t  Cape Kennedy),  exposed t o  a s t a n d a r d  
c a l i b r a t i o n  wedge, and bimat-developed on t h e  ground.. T h i s  
r e s u l t s  i n  an in3ependen t  c a l i b r a t i o n  o f  t h e  edge  p r i n t  g r a y  
s c ~ ~ l e .  T h i s  p i e c e  of f i l m  h a s  been examined w i t h  a micro-  
d e n s i t o m e t e r ,  and a l l  of  t h e  above mentioned r e g i o n s  have 
been t r a c e d ,  i n c l u d i n g  a number of  g r a y  s c a l e s .  These a p p e a r  as 
F i g u r e s  ( 2 )  - (18), i n c l u d e d  here for f u t u r e  u s e  i n  data  a n a l y s i s .  

* 

B .  Scan L o c a t o r  

It  has a l ready been p o i n t e d  o u t  ( s e e  F i g u r e  (1)) t h a t  
t h e  edge p r i n t  data  b l o c k s  occur  back-to-back,  i n  p a i r s ,  i n  t h e  
s p a c e c r a f t  r e a d o u t .  I n  o r d e r  to d i s p l a y  a s i n g l e  v i d e o  s c a n ,  t h e  
v i d e o  i s  c l i p p e d ,  a m p l i f i e d  and used  t o  d r i v e  an 8 kc t u n e d  
c i r c u i t ,  c o r r e s p o n d i n g  t o  t h e  r e p e t i t i o n  r a t e  of t h e  r e g i s t r a t i o n  
b a r s  i n  t he  edge p r i n t .  When t h e  s p a c e c r a f t  s c a n n e r  e n c o u n t e r s  
t h e  r e g i s t r a t i o n  bars  t h e  tuned  c i r c u i t  o s c i l l a t e s ,  and t h e  
r e s u l t i n g  8 kc s i g n a l  i s  used t o  s t a r t  a one-shot  m u l t i v i b r a t o r  
h a v i n g  a p u l s e  d u r a t i o n  of about  3 s econds .  

The l e a d i n g  edge of  t h e  m l t i v i b r a t o r  p u l s e  i s  used  
t o  t r i g g e r  t h e  d e l a y i n g  sweep o f  an o s c i l l o s c o p e .  The t i m e  
i n t e r v a l  between t h e  s t a r t  of s c a n n i n g  t h r o u g h  t h e  r e g i s t r a t i o n  
bars  o f  t h e  f i r s t  d a t a  b l o c k  and t h e  s t a r t  of s c a n n i n g  t h r o u g h  
t h e  g r a y  s c a l e  of t h e  second data  b l o c k  i s  abou t  2 . 6 5  seconds ,  
and if t h e  sweep d e l a y  i s  s e t  a t  t h i s  v a l u e  t h e  o s c i l l o s c o p e  
j u s t  p i c k s  o u t  t h e  g r a y  s c a l e .  By t h i s  means o n l y  t h e  second 
da ta  b l o c k  may b e  e x p l o r e d ,  bu t  w i t h  a l a t e r  d e s i g n  o t h e r  
areas are  a c c e s s i b l e  a s  w e l l .  The d u r a t i o n  o f  t h e  m u l t i v i b r a t o r  
p u l s e  i s  u n c r i t i c a l ,  s o  long  as i t  l a s t s  u n t i l  t h e  second s e t  o f  
r e g i s t r a t i o n  bars  has been  scanned;  t h i s  i s  to p r e v e n t  a c c i d e p t a l  
r e t r i g g e r i n g .  I n  o r d e r  t o  photograph  t h e  g r a y  s c a l e  one must 
s imply  open t h e  camera s h u t t e r  when t h e  m u l t i v i b r a t o r  t u r n s  on,  
and c l o s e  i t  a g a i n  when it  t u r n s  o f f ,  By a d j u s t i n g  t h e  o s c i l l o s c o p e  
t i m e  d e l a y ,  one can  o b t a i n  a s i n g l e  s c a n  anywhere in t h e  data  
b l o c k ,  and as f a r  i n t o  t h e  p i c t u r e  da ta  as t h e  maximum o s c i l l o -  
s c o p e  sweep d e l a y  w i l l  p e r m i t .  Photos  of  g r a y  s c a l e s  and o t h e r  
edge  p r i n t  data  a re  shown i n  ' r ' igures  (19) - ( 2 7 ) .  

C .  A n a l y s i s  o f  G r a y  S c a l e  Data 

The o b j e c t i v e  of pho tograph ing  g r a y  s c a l e s  i s  t o  
p r o v i d e  a c a l i b r a t i o n  c u r v e  o f  r e c e i v e d  v i d e o  v o l t a g e  v s .  loe: 
e x p o s u r e  on t h e  S/C f i l m ,  and a f i r s t  o r d e r  r e s u l t  can  be  o b t a i n e d  
s i m p l y  by measu r ing  t h e  v o l t a g e s  on one o f  t h e  g r a y  s c a l e  p h o t o s  

* 
Note t h a t  t h e  measured d e n s i t y  of a g i v e n  p i e c e  o f  f i l m  may 

b e  q u i t e  d . l f f e r e n t  when i t  i s  examined by a m i c r o d e n s i t o m e t e r ,  a 
v i s u a l - d i f f u s e  d e n s i t o m e t e r ,  o r  t h e  s p a c e c r a f t  r e a d o u t  s c a n n e r .  
See  R e f e r e n c e  1. 
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* 
and p l o t t i n g  i t  a g a i n s t  t h e  l o g  exposure  v a l u e s  s u p p l i e d  by 
Ezstman Kodak [see T a b l e  (l)], T h i s  i s  n o t  t o o  s a t i s f y i n g ,  
however,  s i n c e  i t  r e q u i r e s  f u l l  dependence on t h e  g r a y  s c a l e  
exposure  v a l u e s ,  and a l i t t l e  more i n v e s t i g a t i o n  i s  i n  o r d e r .  

A good t e s t  o f  r e a s o n a b i l i t y  o f  t h e  r e s u l t s  i s  based 
upon t h e  assumpt ion  t h a t  t h e  sys t em i s  l i n e a r  from t h e  l i g h t  
i n t e n s i t i e s  t r a n s m i t t e d  through t h e  f i l m  i n  t h e  s p a c e c r a f t  
t o  t h e  r e c e i v e d  v o l t a g e  on t h e  ground ( i n  between are  a 
p h o t o m u l t i p l i e r ,  t r a n s m i t t e r ,  r e c e i v e r ,  d e t e c t o r ,  t a p e  r e c o r d e r ,  
e t c . ,  b u t  t h e s e  are  u s u a l l y  f a i r l y  l i n e a r  d e v i c e s ) .  The l i g h t  
t r a n s m i t t e d  t h r o u g h  t h e  f i l m  w i l l  be  p r o p o r t i o n a l  t o  t h e  
t r a n s m i s s i o n  o f  t h e  f i l m ,  which i s  riT,-en by 

t h e  f i l m  r e a d o u t  d e n s i t y .  S i n c e  t h e  I3 vs  l o g  E c u r v e  i s  known 
a p r i o r i  ( F i g u r e  ( 2 8 ) )  , one can  f i n d  f i l m  t r a n s m i s s i o n  v a l u e s  
c o r r e s p o n d i n g  t o  t h e  edge p r i n t  g r a y  s c a l e  s t e p  e x p o s u r e s .  **** 
P l o t t i n g  t h e  measured v o l t a g e s  v s  these  t r a n s m i s s i o n  v a l u e s  
r e s u l t s  i n  F i g u r e  ( 2 9 ) ,  drawn as a s t r a i g h t  l i n e .  

where D i s  * *  
***  

Only t h e  f o l l o w i n g  rough argument r e m a i n s :  Most o f  
t h e  s t e p s  i n  t h e  g r a y  s c a l e  a r e  f a i r l y  n o i s y ,  some o f  t h e  
n o i s e  coming from t h e  e l e c t r o n i c s  and some from t h e  a c t u a l  
g r a y  s c a l e  d e n s i t i e s .  (See  t h e  m i c r o d e n s i t o m e t e r  t r a c e s  i n  
F i g u r e s  ( 2 )  - ( 1 8 ) ) .  There i s  t h e r e f o r e  an  u n c e r t a i n t y  i n  
t h e  v a l u e s  read, a l t h o u g h  t h e  g e n e r a l  t r e n d  o f  t h e  g r a y  s c a l e  
i s  p r o b a b l y  r i g h t .  Also, t h e  PS s i g n a t u r e  w i l l  have a small  
mod i fy lng  e f f e c t  on t h e  g r a y  s c a l e ,  which w i l l  depend on 
t h e  r e l a t i v e  phase  between t h e  PS s i g n a t u r e  v a r i a t i o n  and t h e  
g r a y  s c a l e  ( r e c a l l  t h a t  t h e  g ray  s c a l e  r e p e t i t i o n  r a t e  i s  
incommensurate  w i t h  t h e  f r a m e l e t  r a t e ,  wh i l e  t h e  PS s i g n a t u r e  
i s  n o t ) .  Thus t h e  s t r a i g h t  l i n e  a s sumpt ion  f o r  t h e  V-T c h a r a c t e r -  
i s t i c  i s  p r o b a b l y  b e t t e r  t han  t h e  a c c u r a c y  o f  t h e  p o i n t s  measured,  
and i t  i s  r e a s o n a b l e  t o  t ake  t h e  s t r a i g h t  l i n e  r a t h e r  t h a n  t h e  
da ta  p o i n t s .  

Wi th  t h e  V-T c h a r a c t e r i s t i c  t h u s  f o r c e d  l i n e a r ,  
a smooth V-log E c u r v e  may be o b t a i n e d  by r e a d i n g  t r a n s m i s s i o n  
v a l u e s  c o r r e s p o n d i n g  t o  a r b i t r a r y  v o l t a g e s ,  c o n v e r t i n g  t o  d e n s i t y  
v a l u e s  by T = and f i n d i n g  t h e  c o r r e s p o n d i n g  e x p o s u r e s  
from t h e  D-log E c u r v e .  The r e s u l t  i s  p l o t t e d  as F i g u r e  ( 3 0 ) .  

* 
See  R e f e r e n c e  2 

** . 
See  Refe rence  1 

***  
See R e f e r e n c e  1 

**** 
These v o l t a g e s  are ave rages  of a number o f  g r a y  s c a l e s  

( S e e  T a b l e  2 ) .  
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It  s h o u l d  b e  p o s s i b l e  t o  v e r i f y  t h e  D v s  l o g  E c u r v e  
of  F i g u r e  2 8 ,  b y  measuring t h e  d e n s i t i e s  o f  t h e  s t e p s  on a 
v i s u a l  d e n s i t o m e t e r  and p l o t t i n g  them a g a i n s t  t h e  a p p r o p r i a t e  
l o g  E v a l u e s  ( see  T a b l e  3 ) .  A l s o ,  t h e  c o r r e s p o n d i n g  d e n s i t i e s  
may be read from t h e  m i c r o d e n s i t o m e t e r  t r a c e  i n  F i g u r e  7 .  
F i n a l l y ,  comparisons may b e  made w i t h  t h e  c u r v e  o f  F i g u r e  2 8 ,  
r e p l o t t e d  i n  terms of  v i s u a l  d e n s i t y  ( s ee  Reference  1) .  These 
t h r e e  c u r v e s  a r e  p l o t t e d ,  f o r  p u r p o s e s  o f  compar ison ,  i n  
F i g u r e  36. 

It  a p p e a r s  t h a t  there  i s  a s i g n i f i c a n t  d i f ' f e r ence  
between t h e  D v s  l o g  E cu rve  p u b l i s h e d  by Eastman Kodak Co. 
and t h e  one o b t a i n e d  from t h e  s p a c e c r a f t  l eade r ,  The Eastman 
Kodak cu rve  w i l l  be  used  f o r  a l l  measurements d i s c u s s e d  i n  t h i s  
memorandum. 

I V .  O B T A I N I N G  THE AVERAGE EXPOSURES 

A .  Cha r t  Recorder  and I n t e g r a t o r  

One of  t h e  two r e a s o n s  f o r  working from v i d e o  s i g n a l s  
r a t h e r  t h a n  from p i c t u r e s  i s  t h e  ease o f  d i s p l a y i n g  an e n t i r e  
frame i n  a way which makes measurement s i m p l e .  The v i d e o  
i s  connec ted  t o  an R-C i n t e g r a t o r  ( low-pass  f i l t e r )  h a v i n g  a 
t i m e  c o n s t a n t  o f  0 . 0 1  seconds  ( a b o u t  8 s c a n s  l o n g ) ,  and t h e  
o u t p u t  i s  connec ted  t o  a s t r i p  c h a r t  r e c o r d e r .  After an  
e n t i r e  f rame has been r e c o r d e d ,  l i n e s  a r e  drawn bounding t h e  
v o l t a g e  f l u c t u a t i o n s ,  and t h e  v o l t a g e  v a l u e s  c o r r e s p o n d i n g  t o  
t h e  bounds a re  t h e n  a v e r a g e d .  [It i s  r e c o g n i z e d  t h a t  t h i s  i s  
n o t  q u i t e  +,he same a s  a v e r a g i n g  t h e  l o g  e x p o s u r e s ,  s i n c e  t h e  
V-log c u r v e  i s  n o t  l i n e a r  -- t h i s  e f f e c t  i s  n e g l i g i b l e ,  as can  
b e  s e e n  by working a s p e c i f i c  example w i t h  t h e  c u r v e  i n  F i g u r e  
301 .  The l o g  E v a l u e  co r re spond ing  t o  t h i s  a v e r a g e  can  t h e n  
be found from F i g u r e  ( 3 0 ) .  

B. C a l i b r a t i o n  o f  t h e  Char t  Recorder  

It i s  e a s i l y  seen  t h a t  t h e  v o l t a g e  v a l u e s  read from 
t h e  r e c o r d e r  w i l l  n o t  be t h e  same as t h e  v a l u e s  a t t a i n e d  by 
t h e  v i d e o  s i g n a l  co r re spond ing  t o  t h e  p i c t u r e  da ta ,  F o r  one 
t h i n g ,  t h e  i n p u t  impedance of t h e  c h a r t  r e c o r d e r  i s  n o t  
i n f i n i t e  ( a b o u t  a Megohm compared t o  1 0 0  K f o r  t h e  i n t e g r a t o r  
r e s i s t o r ) ;  f o r  a n o t h e r ,  t h e  s i g n a l  i s  z e r c  d u r i n g  t h e  r e t r a c e  
i n t e r v a l ,  e x c e p t  f o r  t h e  s h o r t  sync  p u l s e  p e r i o d  d u r i n g  which 
it i s  -1 v o l t .  Both of  t h e s e  e f f e c t s  may b e  c a l c u l a t e d ,  as 
f o l l o w s :  
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* /250 - 
= 0.928 

= 0.928 

A c t u a l l y ,  w e  can  f i n e s s e  t h e  whole c a l i b r a t i o n  
problem by making u s e  of a s p e c i a l  s i g n a l  g e n e r a t e d  by t h e  
GRE. It c o n s i s t s  of a n  ( a d j u s t a b l e )  c o n s t a n t  v o l t a g e  v i d e o  
s c a n ,  i n t e r r u p t e d  b y  a r e t r a c e  p e r i o d  and sync  p u l s e  e x a c t l y  
l i k e  s p a c e c r a f t  v i d e o .  We s imply  connec t  t h i s  " e x t e r n a l  
v i d e o "  s i g n a l  t o  t h e  i n t e g r a t o r  and c h a r t  r e c o r d e r  and 
measure  i t s  v o l t a g e  on t h e  o s c i l l o s c o p e .  T h i s  was done 
e a c h  d a y ,  and a t  a number o f  v o l t a g e  v a l u e s ;  t h e  r e s u l t i n g  
c a l i b r a t i o n  s t a i r c a s e  appea r s  a t  t h e  b e g i n n i n g s  of some of  
t h e  c h a r t s .  The r e d u c t i o n  f a c t o r  i s  q u i t e  c l o s e  t o  t h e  
o n e  c a l c u l a t e d  above ,  and var ies  o n l y  s l i g h t l y  from day t o  
d a y .  The v a r i a t i o n s  ?re probab ly  due l a r g e l y  t o  e r r o r s  
i n  r e a d i n g  t h e  o s c i l l o s c o p e .  
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C .  Achieving Long Time C o n s t a n t s  

I d e a l l y ,  one would l i k e  t o  have t h e  c h a r t  r e c o r d e r  
draw a s i n g l e  s t r a i g h t  l i n e  co r re spond ing  t o  t h e  a v e r a g e  
exposure  of  a frame. Not on ly  would t h i s  s i m p l i f y  t h e  j o b  o f  
o b t a i n i n g  a log exposure  number co r re spond ing  to t h e  f r ame ,  
b u t  i t  would improve t h e  a c c u r a c y  -- manual a v e r a g i n g  of  uppe r  
and lower l i m i t s  of  a f l u c t u a t i n g  s i g n a l  i s  bound t o  b e  
i m p r e c i s e .  The o n l y  l i m i t a t i o n  on t h e  t i m e  c o n s t a n t  would 
seem t o  s tem from a v a i l a b l e  components f o r  t h e  c i r c u i t ,  b u t  
t h e  snag  i s  c a l i b r a t i o n ,  a g a i n .  

A s  t h e  t i m e  c o n s t a n t  i s  i n c r e a s e d ,  t h e  i n t e g r a t o r  
e v e n t u a l l y  becomes u n a b l e  t o  f o l l o w  t h e  mechan ica l  r e t r a c e  
gaps  between t h e  f r a m e l e t s ,  and s i m p l y  a v e r a g e s  them i n t o  t h e  
v i d e o  d a t a .  T h i s  would be  a l l  r i g h t  i f  t h e  t r a n s m i t t e r  s i g n a l  
i n  t h e  gaps  were a c c u r a t e l y  known because  i t  c o u l d  t h e n  be  
c a l i b r a t e d  o u t ;  b u t  even though t h e  gaps  a r e  r e p e t i t i v e ,  a l t e r n a t e  
ones a r e  d i f f e r e n t  and t h e  s i g n a l  i n  t h e  d a t a  b l o c k  gap ,  
a t  l e a s t ,  i s  q u i t e  c o m p l i c a t e d .  

One way around t h i s  problem i s  t o  d i s c o n n e c t  t h e  
s i g n a l  f rom t h e  i n t e g r a t o r  d u r i n g  t h e  r e t r a c e  gap ,  t h u s  
a v e r a g i n g  i n t o  t h e  s i g n a l  t h e  v a l u e  immedia te ly  P r e c e d i n g  
r a t h e r  than  t h e  unk-nown v a l u e  c o r r e s p o n d i n g  t o  t h e  r e t r a c e .  
has been augmented by a ga t e  and a f i e l d - e l ' r ' e c t  t r a r l s i s t o r ,  
c o n t r o l l e d  by a p a i r  o f  m u l t i v i b r a t o r s  which s h u t  o f f  t h e  
i n t e g r a t o r  d u r i n g  mechan ica l  r e t r a c e .  T h i s  i s  c a l l e d  a 
"sample and h o l d "  c i r c u i t .  

The c a l i b r a t i o n  method. used e a r l i e r  does  n o t  a p p l y  
because  t h e  GRE e x t e r n a l  v i d e o  c a l i b r a t i o n  s i g n a l  r u n s  c o n t i n u o u s l y ,  
w i t h o u t  t h e  mechan ica l  r e t r a c e  gaps c h a r a c t e r i s t i c  o f  t h e  
s p a c e c r a f t ,  and t h u s  no r e t r a c e  p u l s e  i s  a v a i l a b l e  t o  s w i t c h  t h e  
g a t e .  To meet t h i s  d i f f i c u l t y  t h e  c i r c u i t  h a s  been d e s i g n e d  
S O  t ha t  i t  can f ' ree- run ,  for C a l i b r a t i o n  p u r p o s e s ,  when t h e  
e x t e r n a l  v i d e o  s i g n a l  i s  used ;  t h e  c a l i b r a t i o n  s i g n a l  i s  t h u s  
i n t e r r u p t e d  b y  t h e  c i r c u i t  i n  t h e  same way as i s  t h e  s p a c e c r a f t  
v i d e o .  

V. RESULTS 

A .  C h a r t s  

A number o f  c h a r t s  of  p a r t i a l  o r  comple te  frames a re  
i n c l u d e d  i n  F i g u r e s  31-33; F i g u r e  34 i s  a c h a r t  o f  t h e  Go lds tone  
t e s t  t ape  (MT-2) .  High and medium r e s o l u t i o n  f rames  were r e c o r d e d  
from e a c h  of  s i t e s  A - 1 ,  A - 3 ,  A - 5 ,  A - 6 ,  and A - 7 ,  and t h e  computed 
e x p o s u r e s  a p p e a r  i n  T a b l e  4 .  
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It i s  i m p o r t a n t  t o  n o t e  t h a t  a n  a v e r a g e  expos:ire was 
o b t a i n e d  f o r  t h e  moderate  r e s o l u t i o n  (MR) p i c t u r e s ,  b a s e d  
upon t h e  e n t i r e  frame; s i n c e  t i m e  was l i m i t e d  u s u a l l y  onl:j 
samples of t h e  h i g h  r e s o l u t i o n  ( H R )  p i c t u r e s  were take:.,  
a t  t h e  ends  o f  t h e  fyames. Thus c a r e  must b e  t a k e n  when 
c c n p a r i n g  t h e  MR and HR resu l t s  -- see S e c t i o n  D .  

B .  Edge P r i n t  Data 

G r a y  s c a l e s  and o t h e r  edge p r i n t  d a t a  were o b t a i n e d  
for each  s i t e ,  and a r e  p r e s e n t e d  i n  F i g u r e s  (19) -'(27). For 
each  s i t e ,  t h e  small c i r c l e d  numbers on t h e  c h a r t  co r re spond  
t o  t h e  s i m i l a r l y  numbered g ray  s c a l e  p h o t o s .  The  s c a l e  for 
'211 of t hese  p h o t o s  i s  1 v o l t  p e r  l a r g e  d i v i s i o n .  

C .  P r e d i c t e d  Exposures  

The p r e d i c t e d  exposures  may b e  c a l c u l a t e d ,  w i t h  t h e  
b e n e f i t  o f  h i n d s i g h t ,  u s i n g  t h e  b e s t  v a l u e s  now a v a i 3 6 b l e  
for t h e  v a r i a b l e s .  Appendix A i l l u s t r a t e s  t h i s  ca .1cu la t ion  
for s i t e  A-3, and p r e d i c t e d  e x p o s u e s  for f i v e  s i t e s  8re  
p r e s e n t e d  i n  T a b l e s  5 and 6 .  

D .  A n a l y s i s  o f  Data 

1. HR e x p o s u r e s  - a v e r a g i n g  method 

A s  s t a t e d  i n  S e c t i o n  A ,  v o l t a y e  t r a c e s  were t a k e n  
a t  t h e  ends  o f  t h e  HR frames, and t h e  t r a c e s  were ave raged  
o v e r  s e v e r a l  framelets n e a r  t he  frame e n d s ;  t h e s e  averaged. 
v o l t a g e  t r a c e s  lead  t o  t h e  HR e x p o s u r e s  s'hown i n  Tab le  ( 4 ) .  
The p r e d i c t e d  e x p o s u r e s ,  however,  a re  computed u s i n g  on-axis  
v a l u e s  for l e n s  t r a n s m i s s i o n  ( see  t a b l e  51, and t h u s  a 
d i s p a r i t y  e x i s t s .  

The measured ave rage  v a l u e s  must t h e r e f o r e  b e  
c o r r e c t e d  by t h e  r a t i o  o f  on -ax i s  t o  edge t r a n s m i s s i o n  
of  t h e  24" l e n s  or l o g  - 0*68 - - 0 . 0 9 2 .  

h e r e  r a t h e r  t h a n  t h e  0 . 6 4  v a l u e  used  t o  compute t h e  on-axis  
p r e d i c t e d  exposure  -- t h e  l a t t e r  v a l u e  i n c l u d e s  t h e  l o s s e s  
o f  t h e  m i r r o r  i n  t h e  HR l i g h t  p a t h ,  and t h e  p r e s e n t  c o r r e c t i o n  
i n v o l v e s  o n l y  t h e  l e n s .  

Note t h a t  0 . 6 8  i s  used  0.55 

Measured v a l u e s  c o r r e c t e d  i n  t h i s  way a r e  p r e s e n t e d  
i n  T a b l e  ( 7 ) ,  a l o n g s i d e  t h e  p r e d i c t e d  v a l u e s .  The agreement  
i s  q u i t e  good;  t h e  mean l o g  ove rexposure  i s  - 0 . 0 2 ,  and t h e  
s t a n d a r d  d e v i a t i o n  i s  0 . 0 3 .  
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2 .  MR exposures  - a v e r a g i n g  method 

The i n t e g r a t e d  v o l t a g e  t r a c e s  f o r  t h e  MR frames were 
ave raged  o v e r  t h e  e n t i r e  frame ( o r  h a l f  a f r ame ,  which i s  
e q u i v a l e n t  due t o  s y m m e t r y ) ;  t h e  r e s u l t i n g  measured e x p o s u r e s  
must b e  i n c r e a s e d  by t h e  r a t i o  o f  t h e  on -ax i s  t r a n s m i s s i o n  t o  
t h e  a v e r a g e  t r a n s m i s s i o n  of t h e  l e n s .  

An approximate  v a l u e  f o r  t h e  a v e r a g e  t r a n s m i s s i o n  
of  t h e  l e n s  may b e  o b t a i n e d  by  assuming t h a t  t h e  l e n s  
o f f - a x i s  c h a r a c t e r i s t i c  i s  l i n e a r  between i t s  c e n t r a l  and 
p e r i p h e r a l  v a l u e s :  

= 0.92 - 0.32 = 0.60 3A" 

S i n c e  t h e  l e n s  c h a r a c t e r i s t i c  i s  concave downward, t h i s  v a l u e  
i s  p r o b a b l y  a b i t  l ower  t h a n  t h e  t r u e  a v e r a g e ,  and hence  w i l l  
c a u s e  u s  t o  o v e r e s t i m a t e  t he  e x p o s u r e  s l i g h t l y  i n  t h e  
s u c c e e d i n g  p a r a g r a p h .  

The measured v a l u e s  (see t a b l e  4 )  for t h e  MR e x p o s u r e s  
0 . 9 2  must now be  i n c r e a s e d  by log 0.60 = 0 . 1 8 6 ,  i n  o r d e r  t o  p e r m i t  

a compar ison  between t h e  measurements and t h e  on -ax i s  p r e d i c t i o n s .  
The c o r r e c t e d  v a l u e s  a p p e a r  i n  T a b l e  8 ,  a l o n g s i d e  t h e  p r e d i c t e d  
v a l u e s .  
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The mean l o g  ove rexposure ,  r e l a t i v e  t o  t h e  p r e d i c j - e d  
e x p o s u r e s ,  i s  0 . 3 9 ,  and t h e  s t a n d a r d  d e v i a t i o n  i s  0 .04 .  

3 .  HR & MR Exposures  - p o i n t  measurement method 

A s  a check  on t h e  v a l i d i t y  o f  t h e  above a v e r a g i n p ,  
a h i g h  and low r e s o l u t i o n  frame ( n o t  i n c l u d e d  i n  t h i s  mem2raiirlum) 
from t h e  same l u n a r  a r e a  were compared by mt?asuremcr-,tz a t  t h e i r  
c e n t e r s .  I n  each  frame, t h e  c e n t e r s  o f  t h e  c e n t e r  f i v e  f r a m e i e t s  
were measured ?nd ave raged ;  t h e  i s e su l t s  a p p e a r  below. 

HR 165  MR 1 6 3  

1 7 . 5  mm 4 . 2  mm 
1 6 . 7  AVG = 1 7 . 2  mm 3 . 7  AVG = 3 .76  mm 
1 7 . 0  (1.99 v o l t s )  3 . 8  ( 0 . 4 3 5  v o l t s )  
1 7 . 1  Log E = 1.37  3 . 1  Log E = 1 . 8 4 )  
1 7 . 7  4 . 0  

A Log E = 0 . 4 7  

We know t h a t  t h e  on-axis  t r a n s m i s s i o n s  of  t h e  l e n s e s  ( i n c l u d i n g  
0.92 - t h e  m i r r o r  i n  t h e  HR c a s e )  a r e  3.92 and 0 . 6 4 ;  l o g  o.64 - 0 . 1 6 ;  

hence  t h e  unaccounted  f o r  exposure  d i f f e r e n c e  i s  0 . 4 7  - 0 . 1 6  = 0 . 3 1 .  
T h i s  checks  f a i r l y  w e l l  w i t h  t h e  a v e r a g e  exposure  method. 

V I .  SUMMARY A N D  CONCLUSIONS 

The Lunar  O r b i t e r  I medium r e s o l u t i o n  camera,  i n  f l i g h t ,  
ove rexposure  i t s  p i c t u r e s  by a log  exposure  of 0.39 ( a  f a c t o r  of  
a b o u t  2 . 5 ) ,  r e l a t i v e  t o  p r e d i c t i o n s  based  upon p r e f l i g h t  measure-  
ments  and  c a l i b r a t i o n s .  The h igh  r e s o l u t i o n  camera,  i n  f l i g h t ,  
per formed approx ima te ly  as p r e d i c t e d .  The above r e s u l t s  a r e  
summarized i n  T a b l e  9 .  P r e l i m i n a r y  r e s u l t s  from O r b i t e r  I1 
pho tography  i n d i c a t e  a similar overexposure  c o n d i t i o n .  

The c a u s e  o f  t h i s  overexposure  i s  p r e s e n t l y  unknown. 
The Lunar  O r b i t e r  P r o j e c t  O f f i c e  h a s  p l a c e d  an  0 .2  D n e u t r a l  
d e n s i t y  f i l t e r  i n  f r o n t  of t h e  80 mm l e n s ,  which s h o u l d  c o r r e c t  
f o r  a b o u t  h a l f  of t h e  observed  overexposure ;  t h e  e n t i r e  c o r r e c t i o n  
o f  0 .39  D s h o u l d  b e  added t o  O r b i t e r  I V .  
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APPENDIX A 

It is desired to calculate the actual amount of light 
energy (exposure) incident in the film, expressed in meter-candle- 
seconds ( We recall first that the lunar surface 

meter2 
luminance is given by 

where p = normal albedo 
0 = photometric function 
s = solar illuminance of the Moon = 14 x 10 4 lumens 

m 2 

The illumination of the film is 
- r B  - q p $ s  lumens 

2 If - q 2- ~ 

4N 4N2 m 

The exposure given to the film in t seconds is 

lumen-seconds 
2 

E=---- rlpost 

m 4N2 

For site A-3 (frame H 961, 

p = 0.075 
0 = 0.14 (phase angle = 6 9 O )  
t = 0.032 seconds 
r7 = 0.64 (on-axis transmission of 24" lens & mirror) 
N = 5.6 (f-number) 

E = 0.282 - 
m 

lumefi-secsi-ids - - meter-candle-seconds 2 
l o g  E = i.449 
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TABLE 1 

i - 
2 . 6 2  
- 
2 . 7 5  

2 .89  
- 

- 

EFFECTIVE EXPOSURES OF EDGE PRINT GRAY SCALE STEPS 

LOG EXPOSURE 

1 2  I 1 2  I 

j 3  

1 4  ; 

j 3  

1 4  ; 
I 

i 5  I 

I 

i 5  I 

i g  

(METER-CANDLE-SECONDS) 
i - i 

2 . 6 2  i 

t 

I 

1 
1 

- 
2 . 7 5  

2 .89  

1 . 0 2  

1 . 1 8  

- 

- 

- 

- 
1 . 3 9  
- 
1 . 5 6  
- 
1 . 7 2  

1 . 8 8  
- 
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4 . 3 0  

3 . 5 0  

2 . 8 5  

1 . 6 5  

1 . 0 0  

0 . 6 5  

0 . 4 5  

TABLE 2 

VOLTAGES O F  GRAY SCALE STEPS 

4 . 7 5  

4 . 0 0  

2 . 8 0  

1 . 5 0  

0 . 8 5  

0 . 6 5  

0 .45  

STEP 
N O .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

A - 1  
PHOTO #6 

-- 

4 .8  

4 .3  

3 . 1  

1 . 9 5  

1 . 6 5  

1 . 0 5  

0 . 7 5  

0 . 6 5  

A-3 
PHOTO #2 

-- 

4 . 6 5  

4 . 2  

3.35 

2 . 3 5  

1 . 3 5  

0.90' 

0 .70  

0 .55  

A - 5  
PHOTO #1 

-- 
-- 
4 . 0  

3 . 8 5  

2 . 8 5  

1 . 7 0  

1 . 0 0  

0 . 6 5  

0 . 4 5  

AVERAGE 

5 . 4 0  

4 . 8 1  

4 .31 

3 . 5 6  

2 . 9 6  

1 . 5 7  

0 . 9 6  

0 . 6 8  

0 . 5 1  
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STEP # EXPOSURE DENSITY DENSITY (FIG. 7) 
- 

1 2.73 0.44 0.42 
- 

2 2.90 0.48 0 475 
3 1.04 0.58 0 575 

- 

- 4 1.24 0.78 0.788 

5 1.38 0.94 1.00 
- 

- 
6 1.54 1.16 1.25 

- 
7 1.72 1.42 1.55 

- 
8 1.04 1.61 1.76 

9 0 1.81 1.98 

10 0.17 2.01 2.23 

11 0.33 2.18 

12 0.47 2.32 

TABLE 3 

MISSION A SPACECRAFT LEADER DENSITY VS LOG EXPOSURE 
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A - 1  WT-66-1 HR 58 2 .78  
MR 56 0 .55  

TABLE 4 

A-3 1 MT-56-1 
! 

I 
!A- 5 GT-59-1 

MEASURED EXPOSURES - UNCORRECTED 

HR 98 2 . 2 4  
MR 96 0 . 6 0  

HR 1 2 4  3 . 4 1  
MR 1 2 2  
MR 1 2 2  

I 
I i 

GT-57 MR 133 

HR 1 4 8  
MR 1 4 6  

MT-34 HR 1 6 9  2 .50 

I I 

LOG 
EXPOSURE 

1 . 2 0  
1 . 7 8  

- 
- 

- - 1 . 3 0  
1 . 7 5  

1 . 0 8  

1 . 5 5  

- 1 . 2 8  j 
1 . 7 3  ' 

T. 88 
2 

- 

- 

- 
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- - 
A-1 1.20  1.292 

A-3 1.30 1.392 
- - 

- - 
A-5 1.08 1.172 

A-6 1 . 2 8  1.372 
- - 

- - 
A-7 1.25 1.342 

TABLE 7 

COMPARISON OF MEASURED AND PREDICTED EXPOSURES ( H R  LENS ON AXIS) 

PRE D I  C TED 
LOG E 

1.342 

1.449 

1.190 

1.349 

1.356 

- 

- 

- 

- 

- 

DIFFERENCE 
(CORR-PRED 

- 0 . 0 5 0  

- 0 . 0 5 7  

- 0 . 0 1 8  

+0.023 

-0.014 

Notes :  1) Exposure a t  Edge o f  Frame 

2) 

3) Exposure on Axis 

Exposure on Axi s ;  C o r r e c t i o n  = Log - o'68 - - 0.092 0.55 

u = Mean Log Overexposure = -0.02 

0 = S t a n d a r d  D e v i a t i o n  = 0.03 
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TABLE 8 

COMPARISON OF MEASURED AND PREDICTED EXPOSURE (MR LENS ON AXIS) 

ME AS URED’ 
LOG E 

1.78 - 

- 
1.75 
- 
1.55 
- 
1.73 
- 1.88 

CORRECTED’ 
LOG E 
- 
1.97 

1.94 

1.74 

1.92 

- 

- 

- 

0.07 

PREDICTED3 
LOG E 
- 1.522 

DIFFERENCE 
(CORR-PRED 

+0.45 

+0.41 

+O 37 

+O. 39 

+0.34 

NOTES: 1) Average Exposure o f  Frame 

2 )  

3 )  Exposure on Axis 

Exposure on Axis;  c o r r e c t i o n  = Log o.60 0.92 = 0.19 

p = Mean Log Overexposure  = t 0 . 3 9  

u = S t a n d a r d  D z v i a t i o n  = 0 . 0 4  
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TABLE 9 

SUMMARY OF RESULTS 

LOG OVEREXPOSURE ( M C S )  
S I T E  jl -0.050 

-0.057 

-0.018 

+o .  0 2 3  

-0.014 

tu. 45 

+O. 41 

+o 37 

+ O .  39 

+ O .  34 

High Resolution L o g  Overexposure: 

p = - 0 . 0 2  u = 0.03 

Medium Resolution L o g  Overexposure: 

p = + 0 . 3 9  CJ = 0 . 0 4  
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FIGURE 19 SITE A-I TAPE WT-66-1 



FI GURE 20 SITE A- I TAPE WT-66- I 
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FIGURE 21 SITE A-3 TAPE MT-56-1 



FIGURE 22 S ITE A-5 TAPE GT-59-1 



FIGURE 23 SITE A-5 TAPE GT-59- I 
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FIGURE 24 SITE A-5 TAPE GT-57 



FIGURE 25 SITE A-6 TAPE WT-42 



FIGURE 26 SITE A-7 TAPE MT-34 



FIGURE 27 GOLDSTONE TEST - TAPE MT-2 
PHOTOS TAKEN DURING INITIAL SETUP 
P R I O R  TO DATA 









RSADOUT 
FRAMES: 

L 



,. - 
I 

... - -  

f 

y: 

. .  - .  

t ! ' i  , . .* MR 122 
C A L I B R A T I O N  INCLUDED 

. .- , , 











I 

M I S S I O l J  I SITk A-5  
R E A D O V T  84 T A P E  GT-57 
FFIAME: MR 133 
SAME C A L I B R A T I O N  A 3  TAPE 

i t  y; I *  T-?- 
I 

t- - f % - - 4  -L 
L 
lo i - -  

1 -;--:- -+ i - *  4 WT-42 ( S I T E  A - 6 )  'I 1 ! ! .  



. . . . .  - -7 
_-,- ---_ - 

SITE A - 6  
TAPE WT-42 
147 

-i 148 
-: 146 

+' I JC L UDE D 
I ....... . . . .  ................ .... T-- ---- .-. - -. . . . . .  . .  . . . . . . . . . . . . . . . . . . .  - - - .  - -  * _  . . .  .... . .  I 

, .  , . ,  . .  ' . I  , ; , I j ! I ' . i :  



- .  









* _ _ .  . . .  -. ...... . .. . . .  
' ,  

1 .  

. . .  

..... 

! :  . .  
. .  

.. - . . . . . . . .  

. .  - .  

GPAFYIC: C C N - A O L S  CGRI'Dl;'.T I 2 ;  
........ - .............. 

i .  
I ) . , ,  

. I * . .  ........ . -  * . ~ . . . *  
, ,  . .  

. . . .  ~ - _ _  . . . . .  . ~ . . .  
. ,  [ I '  

, '  . > .  . .  
. . . . . . .  ._.+_ -. . . . . . . .  

I .  
. . . . . . . . .  . ,  

. .  - -. ......... .-_._ , . . . .  
. .  , .  

-'- --: 
. . . . . . . .  

! 
L.. , ~. . 
I /  



-. 

. .  

- _. . I .  

.. _. . . . .  

. . . . . . . . . . .  .+ . . . . . . .  
. I  i l l ,  4 . .  ~- m , , , .  . .  - . . . . . . . . .  

, . I :  . .  , . .  i !  . , . . ,  .... L-.!. -1.- + . - . r . .  . _  ,. . . . . . . . . . . . .  
: .  I ' : . 1 . ,  . ! '  . .  $ 1  

I .  
1 :  . , .  - ..................... ..,. . . . . . . . .  



. .  , , .  . .  
. . . . .  . :  .... >.~. ... ..~:. ... i ..... :.] . . . . .  .... . ,  

, , / I .  

, .. l - - - i  ... 
i i f  
. .  , .. - . . . . . . . . .  

. .  I !  . . . . . .  . ~ , _ .  .. , .  
, ,  I : !  

. .  - . ___. . . . .  ..~.+ . ., . .  - ... . .  
s . : ! ,  

' i ! _ '  . . . . . . . . . . . . . . .  . *  .. ,. . . . . . .  , 
' : a 4 i /  i 

8 .  

; I ~ ' ,  I , Y  
. - .. .. I "  

_ _ l _ _ .  .... , . . . . . .  _.... _- 
I . '  I ' ! . ;  . !  . , : : I  I I ) .  , , . . . .  - 8 .  - _  _.___ ' . . . . . . . . .  





! 

I 

b 











. 









I f  
/ 



GOLDSTONE TEST FILM 
FIGURE 35 



p 


